MO^r  P'oJect-3 

srn  ‘ ASK  _i 

.M  f. 


technical  memorandum  no.  J47. 


IfUl 


i-SOMH  jAHLD^_^oKDiaa  sYarai 


/ 

7' 


ci)ntcnts,^>r^i> jyanntjn^iran  un 

txtract'.  Troni  this  publiiation  nia>^  K'  maiif  to  facilitate  the-  pnp- 
aration  of  other  Department  of  Defense  1‘uhliiations.  It  is  forbidden  to 
rnakc  extracts  lor  any  other  purpose  without  the  specific  approsal  of 
the  Chief  of  the  Bureau  of  Ships,  except  as  provided  for  in  the 
I . S.  .Navy  Security  Manual  for  Classified  .Matter. 


f . .S,  ij( ‘.t } 


"7.  r 


DISTRIBUTION  STATEMENT  A 

Approved  for  public  release) 
Distributioo  Unlimited 


fi302is-c::i 


DOWNGRADED  AT  3-YEAH  INTERVALS  23 
DECXASSIPIED  after  12  Y1UB3  K 

»0D  DIH  6200.10 


SONAR  RAW  DATA  KKCORDIN’C.  SYSTIK 
By 

F„  A.  Steiner 


INTRODUCTION 


This  memorandum  describes  a proposed  system  for  the  record inp;  and  piaybaci 


of  sonar  data.  This  proposal  has  grown  out  of  instrumentation  requirements  for 


NFX  studies  on  sonar  target  classification  cues  and  is  being  published  at  this 


time  to  make  it  available  to  NEL  personnel  developing  sonar  raw  data  recording 


equipment  and  to  the  BUSHIPS  Interlaboratory  Corasnittee  on  Sonar  Raw  Data  Recording 


Further  distribution  outside  this  Laboratory  is  not  anticipated„ 

A recorder-playback  system  capable  of  recording  sonar  signals  and  associated 
data  for  subsequent  playback  into  sonar  receiving  equipment  is  urgently  needed 


for  sonar  research,  development,  evaluation,  and  training.*  Equipment  for 


such  recording  should  be  capable  of  operation  on  as  many  of  the  sonar  systems 


currently  in  use  by  the  Fleet  as  is  possible  and  provide  as  complete  data  as  is 


practicable.  Wide  dynamic  range,  frequency  stability,  gain  stability,  and 


versatility  are  the  most  significant  design  criteria 


or  recording  sonar  signal.s  should  obtain  the  signals  in  as  raw 


Equipnent 


form  as  practical,  i.e.,  as  soon  after  transduction  as  possible,  to  prevent 


prejudice  of  data  by  shipboard  sonar  and  operator.  Equipment  should  retain  as 


much  doppler  information  as  possible  for  application  to  sonar  processing 


equipments  such  as  the  RRI  and  ACTM  now  under  development. 

DESION  CRITERIA  ^ 

High  frequency  stability  to  retain  doppler  information  is  necessary  in 


that  doppler  frequency  shifts  of  the  order  of  5 cps  are  considered  significant 
Dynamic  range  approaching  120  decibels  will  be  necessary,  but  since  recorders 


are  limited  to  a range  of  50  to  70  decibels,  compression  of  early  reverber- 


ation will  be  achieved  by  time  varied  gain  amplifiers.  Compression  on  the 


order  of  40  to  70  decibels  can  be  achieved.  The  sonars  for  which  this  system 


is  designed  to  operate  should  include  SQS-4,  SQS-10,  SQS-11,  QHB  and  CJB. 
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whose  operating  frequencies  (Table  1)  are  between  14  and  25.5  kilocycles 


and  whose  video  azimuth  sweep  rates  in  the  case  of  the  scanning  sonars 
are  29.2  and  150  cycles  per  second.  As  sweep  stability  has  been  found 
to  be  a problem,  sweep  will  be  recorded  on  an  independent  channel,  in  order 
to  get  adequate  bandwidth  and  amplitude  stability  in  the  order  of  .l^. 


SONAR 

PRIMARY  FREX'UENCT 

BANDWIDTH 

SWEEP  FREPUENCY 

CHANNEL 

SQS  4 

14  kilocycles 

.72  kilocycles 

150  cycles/second 

3 

SQS  10 

20 

tl 

1.05 

ft 

150 

tt 

3 

SOS  11 

25.5 

n 

1.2 

tl 

150 

fl 

3 

OHB  a 

25.5 

If 

1. 

It 

29.2 

ft 

2 

OHB  c 

25.5 

n 

1.2 

ft 

150 

tt 

2 

OHB  d 

20 

tl 

1.05 

If 

150 

tl 

2 

QHB  4 

25.5 

n 

1, 

It 

29.2 

tt 

2 

QJB 

24 

ft 

3. 

Table  1 

tt 

2 

Other  data  to  be  recorded  will  include  commentary  on  sonar  operation, 
audio  train  signal,  gyro  compass  signal,  log  signal,  and  their  reference. 

FUNCTIONAL  DESCRIPTION 

Recording  System 

A functional  block  diagram  of  the  recording  system  based  on  spectral 
assignments  shown  in  Fig.  1,  is  shown  in  Fig.  3.  The  sonar  frequency 
signals  from  respective  scanning  switches  are  fed  to  bridging  pre->amplifiers 
(1)  to  provide  medium  level  at  low  impedances  Band  pass  filters  (2),  and 
variable  attenuators  (3)  control  bandwidth  and  overall  level.  The  signal  is 
then  fed  to  linear  mixers  (4)  in  which  a pilot  tone  (5)  is  introduced  to  pro- 
vide a reference  for  subsequent  compression-expansion  operations.  This  coBf* 
posite  signal  is  then  fed  to  the  variable  gain  anqilifier  (6)  controlled 
control  signal  generator  (7).  This  control  signal  follows  the  necessary  tiJM 
function  to  provide  proper  compression  of  the  high  amplitude  reverberation. 
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and  is  initiated  by  the  keying  pulse  of  the  sonar.  The  compressed  coa- 
posite  signal  is  now  fed  to  a threshold  amplifier  (8),  whose  function  is  to 
indicate  to  the  operator  when  signals  exceed  the  maximum  usable  level.  In 
the  case  of  the  sonar  audio  recording  channel,  a transfer  switch  is  Introduced 
following  the  threshold  amplifier  and  will,  during  the  time  of  the  transmitted 
signal,  feed  that  signal  through  fixed  attenuator  (11),  variable  attenuator 
(3),  and  pilot  tone  mixer  (4).  This  transfer  switch  (10)  must  act  suffic- 
iently slowly  that  interruptions  in  the  pilot  tone  can  be  detected  later 
to  key  the  monitor  oscilloscope  sweep.  The  sonar  freciuency  signals  in  all 
channels  are  fed  at  this  point  to  heterodyne  mixers  (12)  and  mixed  with 
heterodyne  oscillator  signals  to  be  described  later,  fed  to  band  pass 
filters  (16),  ui^lifiers  (17),  and  normaled  to  blanking  switches  (21)  in 
the  case  of  video  channels,  and  directly  in  the  case  of  the  audio  channel  to 
mixers  (22)  where  synchro  information  on  high  freouency  carriers  is  intro- 
duced. The  signal  is  then  fed  to  limiters  (23)  and  thence  to  recorder 
channels. 

4fith  respect  to  the  heterodyne  oscillator  signal  fed  to  heterodyne 
mixers  (12),  two  options  appear,  one  of  idtich  provides  freouency  stabili- 
zation which  will  in  part  cancel  the  speed  variations  of  the  recorder. 

This  stabilization  technique  is  discussed  in  detail  on  page  7.  In  the 
case  where  the  stabilization  is  not  required,  the  translator  oscillator 
(13),  whose  freouency  differs  from  the  sonar  primary  frequency  by  5 
kilocycles,  is  fed  to  the  heterodyne  mixers  (12)  directly.  However,  in 
the  case  where  stabilization  is  desired,  this  oscillator  provides  a signal 
tdtose  Nth  harmonic  differs  from  the  sonar  frequency  by  approximately  5 
kilocycles  (see  Fig.  4),  but  whose  nth  harmonic  is  approxinutely  10 
kilocjrcles.  This  oscillator  is  fed  to  harmonic  generator  (14)  and  throu^ 
band  pass  filters  (IS,  19)  in  order  to  provide  these  hansonics.  The  nth 
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harmonic,  being  near  10  kilocycles,  is  mixed  linearly  in  optional  linear  | 

mixers  (18),  following  amplifiers  (17)  and  fed  through  band  pass  filters  | 

(20)  to  mixers  (22). 

Audio  train,  gyro  compass,  log,  and  reference  signals  are  introduced 
at  mixers  (22).  These  arc  provided  as  follows:  train  signal  as  synchro 
orders  at  lx  and  3Gx  are  fed  to  synchro  repeaters  (37)  and  mechanically 
coupled  to  lx  and  llx  resolvers  (38),  whose  output  is  phase  referenced  to 
the  gyro  power  signal.  Likewise,  the  ?yro  compass  signal  is  so  resolved, 

Tlie  log  signal  is  provided  as  lx  synchro  order  fed  to  synchro  repeater 
mechanically  coupled  to  lx  resolver  in  the  same  manner.  These  lx  and  llx 
signals  and  their  reference  are  fed  to  0 variable  attenuators  (39)  and 
heterodyne  mixers  (40)  fed  from  master  oscillators  (41)  as  shown  in  the 
block  diagram.  The  signals  are  then  band  passed  and  fed  in  pairs  to  mixers 
(22). 

A special  channel  fer  video  sweep  and  commentary  is  provided.  The 
video  sweep  signal  on  one  branch  of  the  three  phase  sltnal  from  the  sweep 
generator  is  fed  to  the  variable  attenuator  (24)  and  Is  fed  to  the  mixing 
system  together  with  the  conmcntaiy  as  provided  from  microphone  (25)  audio 
pre-amplifier  (7b),  band  pass  filter  (77),  variable  attenuator  (28),  and 
amr''ificr  (29)„  (Option  A)  If  the  sweep  frcouency  is  within  the  response 
rare"  of  the  recoixicr  these  signals  may  be  simely  mixed  linearly  in  mixer  (32) 
and  recorded  directly.  If,  however,  the  sweep  rate  is  too  low  for  direct 
recording,  it  lan  be  used  (Option  H)  to  freencncy  modulate  (31)  a carrier 
in  the  region  above  voice  freouencies  (4000  to  15,0t,10)  and  then  mixed.  If 
greater  stability  is  necessary  the  deviation  due  to  the  recording  medium 
can  be  reduced  oy  (Option  C)  controlling  the  freouency  mociulator  (31)  by  an 
oscillator  (33)  and  a harmonic  of  this  oscillator  also  mixed  in  mixer  (40) 
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to  be  used  for  freouency  control  at  I'lnyback,  fulse  position  modulatioo* 

(Option  D)  lias  boon  proposed  for  this  channel,  and  its  properties  should 
he  invcstipatcds 

Ihe  recorder  proposed  is  an  Ampcx  307-4  with  one  possible  riodification.  | 

i 

In  case  the  pulse  position  motiplarion  option  is  used,  where  the  tape  must 
be  saturated,  the  bias  supplied  to  the  4th  channel  rocordiniti  head  must 
be  eliminated.  If  direct  record  in®  of  the  sweep  is  used,  ceualization  in 
this  channel  down  to  150  cps  will  be  necessaiy.  Otherwise,  the  recorder 
is  as  supplied  by  the  manufacturer. 

Playback  System  | 

The  playback  system  is  shewn  in  block  diairam  fonri  in  Ki®.  ‘ At 

tile  playback  outputs  of  the  I’ocorder,  band  pass  filters  (43,  44,  45) 

divide  the  signals  according  to  their  respective  freouency  channels  and 

In  the  case  of  freouency  stabilization,  the  additional  band  pass  filters 
are  required. 

(4(>)A  The  signals  frem  band  pass  filters  (43,  44)  beine  those  at  the 
upper  end  of  the  spectrum  which  w'ere  the  carrier  channels  of  s3mchro 
information,  arc  amplitude  detected  (47),  low  passed  (48),  amplified  (50), 
and  fed  to  servo  motors  (51)  which  are  moctianically  coupled  to  synchro 
generators  (52)  which  restore  the  audio  train,  gyro  compass,  and  log 
repeater  synchro  oniers.  Sand  pass  filters  (45)  separate  the  sonar  infor- 
mation channels  and  are  fed  to  amplifiers  (53)  and  heterodyne  mixers  (54), 
whore  sonar  freouency  is  restored  in  the  followinc  manner;  In  the  case 
where  the  freouency  stabilization  option  was  not  used,  the  master  oscillator 
(55)  provides  a sicnal  at  a freouency  equal  to  the  sonar  freouency  plus 


* The  pulse  phase  system  of  magnetic  recording  - Stancil  Hoffman  Corporation 


w 

L 


;■ 


CONKILKN  PTAL 


5 kilocycles  for  hoterodynins  the  5 KG  recorded  sicnal  to  restore  the 
orisinal  sonar  freoiiency  In  t'e  case  of  the  frv'cuency  stabilization 
optioji,  the  output  of  band  pass  filter  (4fo)  is  fed  to  a freouency  divider 
(5fa)  throudi  band  pass  filter  (S7)  to  an  heterodyne  mixer  (58),  mixed 
with  signal  from  master  oscillator  (591  whose  fremionc}'-  is  that  of  the 
former  sonar  principal  ii'eouency,  and  a difference  freouency  is  fed  throui;h 
band  pass  filter  (00)  to  heteri>dync  mixer  (54),  restoring  the  orieinal 
sonar  freouency.  This  sisnal  is  band  passed  through  filters  (bl,  b?) 
to  separate  the  pilot  tone  from  the  sonar  infoniiation  sicnal . The  pilot 
tone  from  band  pass  filter  (b2)  is  amplitude  detected  in  detector  (63) 
and  fed  to  the  variable  gain  amplifier  (64)  as  a control  signal  to 
restore  the  original  djTainic  range.  In  the  case  of  the  sonar  audio 
channel,  the  discontinuities  in  the  pilot  tone  are  detected  by  a differ- 
entiator (faS)  and  fed  to  a trigger  circuit,  which  operate',  a transfer 
switch  or  latc  (66)  to  provide  the  transmitted  signal  to  an  oscilloscope 
for  monitoring.  The  output  of  the  variable  gain  ajuplificr  as  provided 
to  transfer  switch  (bb)  during  the  remainder  of  tho  time  is  fed  through 
band  pass  filter  (67)  and  amplifier  (68)  into  the  sonar  receiver  at  the 
time  of  Playback.  The  video  channels  are  likewise  fed  from  the  variable 
gain  amplifiers  (b4}  thro\igh  b.aml  pass  filters  (67)  and  amplifiers  (63) 
to  their  respective  video  receiver  channels. 

Tlie  treatment  of  video  sweep  and  coimentary  at  the  time  of  playback 
again  has  Tour  options.  The  sweep  and  commentar>‘  channels  are  separated 
and  Fed  respectively  to  a sweep  icnerator  (80)  through  variable  attenuator 
(79)  and  to  power  amplifier  (82)  end  loudspeaker  (83),  thru  variable 
attenuator  (81).  The  separation  is  accomplished  in  tho  mixed  case 
(Option  A)  by  band  pass  filters  (70,  71),  in  the  case  of  freouency  mod- 
ulation (Option  U)  by  band  pass  filters  (70,  71)  and  the  sweep  fed  throurh 
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freouency  discriminattoi.  (??);  in  th?  case  of  controlled  freeuoncy 
modulation  (Option  C)  by  band  pass  filters  (70,  71,  73)  with  the  fre- 
ouency  control  sirnal  from  band  pass  filter  (73)to  a freouency  dividing 
binary  scaler  (74)  throuch  b.Tnd  pass  filter  (75)  and  mixed  (76)  with  the 
out]mt  of  oscillator  (77)  to  provide  the  freouency  control  in  freouency 
discriminator  (72A)  through  oand  pass  filters  (70,  78);  in  the  case  of 
Pulse  Position  modulation  (Option  D)  the  signals  are  separated  in  the 
pulse  position  demodulator  (69) ^ 

The  freouency  stabil  izat  'on  tcciinioue 

The  frcotioncy  stabilisation  option  mentioned  briefly  eailier  is 
described  in  detail  in  tlie  following.  In  order  that  signal  frequency 
modulation  ind»;ce>i  by  wov  and  flutter  of  tape  recorders  may  be  effectively 
cancelled,  a technioiie  has  been  devised  whereby  the  freouency  variations 
due  to  tiieso  pltcnomena  arc  eliminated  at  the  fundamental  frequency  and 
are  arithmetically  proportional  to  the  deviations  from  the  fundamental  in 
the  wide  band.  To  do  this,  the  sonar  frectjency  is  translated  to  a carrier 


at  approximately  5 kilocycles  by  an  oscillator  whose  freouency  is  an  inteeral 
nxultiple  or  sub-multiple  of  this  number,  approximately  5 kilocycles.  In 


this  manner  a freouency  control  signal,  which  is  an  exact  harmonic  of  the 
principal  freouency  recorded,  can  bo  also  recorded  and  used  to  provide  a 
beat  freouency  at  playback,  whose  freouency  deviations  are  identical  to, 
but  in  a negative  sense,  from  those  of  the  principal  freouencvc  (See  Tie.  2). 
The  second  harmonic  is  used  in  this  case  because  simple  binary  scalers 
are  available,  which  have  I»igh  dependability  and  stability  and  can  be  used 
to  provide  halved  frequencies.  The  fact  that  the  bandwidth  of  the  signal 
recorded  does  not  exceed  2^  kilocycles  makes  isolation  of  the  principal 
signal  and  its  second  harmonic,  that  is,  5 kilocycles  plus  or  minus  2^ 
kilocycles  and  10  kilocycles,  both  practical  and  effective. 
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'fhe  provision  of  the  5 kilocycle  signal  and  the  properly  related 
harmonic  is  acccraplishcd  by  providing  a master  oscillator  and  haraonic 
generator  through  band  pass  filters,  one  feeding  the  heterod3me  mixer 
a frequency  differing  from  the  principal  frenuency  by  approximately  5 
kilocycles,  and  the  other  feeding  the  linear  mixer  later  in  the  circuit 
vith  the  10  kilocycle  or  second  harmonic  signal . This  provides  two 
signals  on  the  same  channel  harmonically  related  as  nearly  as  possible, 
one  of  which  contains  freouency  deviation  carrying  the  doppler,  as  well 
as  amplitude  information  present  in  the  transducer  output.  These  two 
signals  are  fed  to  the  recorder  where  speed  changes  (from  wow  and  flutter) 
introduce  proportional  freouency  changes  in  each  signal.  The  frequency 
control  signal,  being  twice  the  freouency  of  the  principal  information 
signal  but  with  very  narrow  bandwidth,  can  be  simply  divided  by  a binary 
scaler,  providing  a signal  at  the  same  frequency  as  the  principal  signal, 
and  with  identical  frequency  deviation  due  to  speed  changes.  The  fre- 
quency control  signal  is  fed  to  another  heterodyne  mixer  together  with 
the  output  of  an  oscillator  set  to  the  original  sonar  primary  frequency, 
providing  a difference  signal.  This  difference  signal  has  deviations 
inversely  proportional  to  the  changes  in  speed  and  when  mixed  with  the 
principal  signal  in  a third  heterodyne  mixer,  provides  the  original  sonar 
freouency  with  deviations  due  to  speed  changes  cancelled  exactly  and 
doppler  deviations  increased  in  proportion  to  such  speed  changes. 

This  will  be  a powerful  tool  to  the  development  of  high  freouency 
stability  if  such  is  necessary.  Since  the  speed  stability  of  tape  recorders 
on  an  unstable  platform  is  not  yet  thoroughly  determined,  it  is  currently 
urdenown  if  such  techniques  must  be  incorporated  into  this  sonar  raw  data 
recording  system. 
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Kccording 

1,  Prc-ajnnl ifiers  noise  an't  vide  dynamic  tancc  are  used 

tc  bridge  the  fcanr.ing  switch  outputs  and  provide  medium  signal  level 
for  transmission  to  subseouent  equipment.  Input  impedance  must  be 
liieh  onouvh  not  to  load  tho  scanning  switch  circuits  and  load  impedance 
sliould  be  600  ohms  to  feed  haisl  pass  filters.  Input  signals  have  a 
dynamic  range  of  1?0  decib.'ls  above  a few  (1  to  lO)  microvolts  noise 
level.  0<ain  must  he  sufficient  to  ninimize  effects  of  noise  pickup 
in  subsepiient  circuits,  and  the  pass  band  is  10  to  30  kilocycles. 

2,  Band  pass  filters  rt  600  ohms  eliminate  noise  outside  the  pass  band 
of  the  pre-amplifiers  and  should  provide  optimum  loading. 

3.  Variable  attenuators  in  the  form  of  600  ohm  T-pads  or  similar  units 
are  used  to  provide  signal  level  control  for  all  subsoouent  eouipments 
in  the  freouency  range  of  10  to  30  kilocycles. 

4,  Tilot  tone  mixers  should  provide  linear  mixing  with  a minimum  of  inter- 
riodiilation  products.  The  input  impedance  should  be  600  ohms  for  the 
sonar  si‘'nal  channel  and  as  roouired  for  the  pilot  generator  and  load 
as  reouired  for  the  variable  gain  amplifier, 

5.  Pilot  tone  generator  is  an  oscillator  whose  freouency  is  1000  cycles 
removed  from  the  translator  oscillator  freouency  to  provide  a 1 kilo- 
cycle pilot  tone.  This  siiould  be  a plng-in  unit  since  the  translator 
oscillator  freouency  varies  for  different  sonars.  (All  other  units 
described  heretofore  arc  universal  to  all  sonars  discussed  in  this 
paper. ) 

6.  Variable  gain  amplifiers  are  provided  to  give  sufficient  compression  of 
dynamic  range  that  recorders  with  50  decibel  range  can  handle  the 
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output  sisuiils-  Tin'  ''.ain  is  l ime  v.iriecl  accord  itu'  to  a capacitor 
resistor  decay  as  found  in  the  followlnr'  unit. 

7.  Control  sienal  cenerator  provides  a si?;na]  as  a function  of  tinie 
after  transmitted  or  keying  pulse  to  decrease  the  <!ain  of  variable 
gain  amplifiers  as  much  as  40  decibels  at  the  time  of  transmitted 
pulse  and  approaching  nomal  u'ain  in  an  adiust£\ble  time  of  the  order 
of  1 to  -S  seconds. 

8o  The  threshold  amplifier  is  a device  v;hich  provides  a signal  to  an 
indicator  circuit  at  such  times  as  the  principal  signal  excursion 
exceeds  pre-sot  thresholds. 

9.  Indicator  for  above  amplifier  in  the  form  of  meter  or  lamp  to  indicate  to 
operator  signals  approaching  ’-.ithin  safe  limits  of  maximum,  and  in 
excess  of  maximun  modulation-  I 

10.  Transfer  switch  which  ccnnects  transmitted  signal  to  input  of  hetero- 
dyne mi>cr  during  the  time  transmitted  signal  is  present- 

11,  Fixed  attenuator  to  provide  transmitted  signal  at  medium  level  for 
application  to  heterodyne  mixers. 

12-  lleterod'.nc  mixer  accepting  sonar  signal  and  signal  from  band  pass 

filter  (IS)  to  produce  approximately  5 kilocycle  signal  for  recording. 

13.  Translator  oscillator  is  part  of  a plug-in  unit  providing  heterodyne 
beat  freoucncy  (See  Fig,  2) 

1 

I 

14.  flarraonic  generator  used  in  cen junction  with  above  oscillator  when  fxx5- 
euency  stabilisation  option  is  used. 

15,  3and  pass  filter  in  conjunction  with  freeue?icy  stabilization  option 
to  provide  proper  harmonic  for  heterod\'nc  mixer  (12). 

16.  The  band  pass  filter  to  eliminate  higher  intcrmodulation  products 
from  heterodyne  mixer. 

17.  Amplifier  to  compensate  for  the  attenuation  of  band  pass  filters  and 
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other  elements  ami  to  provide  isolation^ 

18»  Linear  mixer  to  mix  tlie  output  of  band  pass  filter  (20)  with  heterodyned 
sonar  sicnnl  from  amplifier  (17)o 

l9o  8and  pass  filter  to  extract  the  proper  hannonic  of  translator  oscillator 
for  frequency  control  system.  Pass  band  of  arproxinuitely  200  cycles. 

20.  itand  pass  filter  to  el i:n  nate  intcrmcdulatien  products  fron  output  of 
nixer  (18)<,  (I’Iuk  in.) 

21.  Dlankin^  switch  sliorts  out  the  output  from  video  channels  during 
transmitted  sirnal. 

22.  Linear  mixer  for  the  addition  of  servo  ini oritati on  to  the  three  sonar 
infomation  channels. 

23.  Liniter  to  limit  excursion  of  heterodyned  sonar  sienal  within  the 
dyramic  ranee  of  the  recorder, 

24.  Variable  attenuator  on  one  cliannel  of  tlie  video  sweep  as  provided  to 
the  deflection  coils  for  the  overall  control  of  the  level  in  t 'is 
channel. 

25.  Microphone  for  pickup  of  commentary'. 

26.  Audio  pre-'amplificr,, 

27.  Hand  pass  filter  for  voice  freouencies  300  to  3000  cps  impedance  as 
required , 

28.  Variable  attenuator  to  control  level  of  co'nmentary  sicnal, 

29.  Amplifier  to  provide  necessary  level  to  modulator  or  mixer  for  record- 
ing of  conimentary. 

30.  I’ulsc  phase  modulator  as  described  by  Mr.  Aeon-.e  Downj,in  his 
paper  "The  pulse  phase  system  of  magnetic  recording,'*  published  by 
Ktancil  Hoffman  Corporation,  if  adeouate. 

31.  Freruency  modulator  for  video  sweep  sianal  if  pulse  position  modulation 
is  found  inadequate. 
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32<.  Lini*.ir  ml:(rr  for  i on  of  fivoiionoy  tncviiilntcil  video  sweep  sI.imI 

and  cononentnry  for  tlie  rrcordei.. 

33,  Ueferoiice  oscillator  for  frooueocy  control  if  necessary  in  tl»e  video 
sweep  freeiiency  nnxiulatiin  system.. 

31.  lliitnionic  yoiier  itor  for  freevio!icy  st.nbi  I i zat i on  of  video  sweep  record- 
IrR  cli.ainel . 

35.  Hemi  pass  filter  to  select  proper  Itanuonic  from  (il)  for  freonency 
iiiednlfitor  control. 

3(>.  5innc  as  <5  for  playback  control,. 

37.  .Synchro  repeaters  acceptinr  S''rvo  cononand  r.ii!.nnls  and  convertiny  them 
to  shaft  posit,  ieti., 

38.  Kesoivcrs,  ae.ceptinf;  servo  shaft  position  and  conv.rtiiv’  to  phase 
modnI.Tt ion  of  hO  cvx'Ie  reference  sienal.. 

3‘>.  Variable  attenuator  for  control  of  level  of  bO  cycle  resolver  si'Mial.. 

40A.  Heterodyne  mixers  acceptin;'.  uO  cycle  resolver  sie.nal  and  I?  kilocycle 
si'Mial  from  oscillator  ('llA)  to  provide  amrlitudc  modulated  cnriier 
for  addition  to  sonar  si 'nal  channels  at  mixer  (??). 

40H.  lleterodyTie  mixer  as  above  witli  the  exception  that  the  oscillator 
slynal  is  14  kilocycles. 

4TA,  17  kilocycle  oscillator  to  provide  carrier  for  lieterodyne  mixers  {40A), 

4IH.  14  kilocycle  oscillator  to  provide  carrier  for  heterodyne  mixers  (4011). 

47A.  Hand  pass  filters  200  cycles  wide  ceritensl  .it  I?  kiJ ocyr  1 es .. 

4211.  Hand  pass  filters  TOO  cycles  v;lde  centered  at  If  kilocycles. 

r I ay hack 

43..  Band  puss  fllterr  200  cycles  wide  centered  .it  1?  kilocycles  to  separate 
60  c.'.'clc  phase  modiilatod  servo  Information. 

44.  .Same  ns  nho\e  except  centemd  at  1?  kilocycles.. 

45.  Hand  pass  filters  from  300  to  8000  cps  to  separate  mixed  sonar  lnfor~ 
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mation  signal  and  pilot  tone  from  other  circuits  on  the  saate  clianncl.-. 

46n  Band  pass  filters  2 kilocycles  wide  centered  at  10  kilocycles  to 
separate  frepu  incy  control  si/^nal  from  other  signals  on  the  s ame 
channel. 

47,  Amplitude  detector  for  (lO  cycle  phase  modulated  servo  infomiatiort. 

48,  60  cycle  low  pass  filter, 

49,  Variable  attenuators  for  the  control  of  signal  level  thiough  amplifiers 
(50)  to  servo  motors  (51) <> 

50,  Amplifiers  provide  sufficient  power  for  60  cycle  servo  motors  (51), 

51,  Servo  motors  to  provide  shaft  positicn  from  phase  modulated  ssmehro 
information  channels  to  synchro  Generators. 

52,  Symehro  generators  to  reproduce  s)mchro  orders  for  sonar  eouipment, 

53,  Amplifiers  to  provide  high  signal  level  necessary  for  heterodyne 
mixer  operation. 

54,  Heterodyne  mixer  to  restore  original  sonar  freciiency  signals  from  the 
translated  carrier, 

55,  Master  oscillator  to  provide  signal  necessary  for  above  translation  if 
no  frepuency  stabilization  is  used, 

56,  Freouency  clividcA"  to  restore  fundamental  from  recorded  second  harmonic 
of  control  frequency. 

57,  Band  pass  filter  to  achieve  appi-oximate  sine  wave  form  to  above  signal, 

58,  Hctcrod3rne  mixers  receiving  5 kilocycle  freouency  stabilization  signal 
from  band  pass  filters  (57)  and  master  control  freouency  from  oscillator 
(59)  to  provide  difference  freouency  5 kilocycles  below  principal  sonar 
freouency, 

59,  Master  oscillator  operating  at  sonar  primary  freouency,  (Hug  in  unit) 
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bO.  (land  pass  filter  centered  kilocycles  beloi»  sonar  primai’y  frcoucncy 
to  eliminate  side  bands  from  beat  freouency  sienal  in  restoration  by 
addition  in  heterodyne  mixer  (51)  of  oriainal  sonar  signal,  (i’lug 
in  unit) 

61o  Band  pass  filter  centered  at  sonar  primary  frcoucncy  and  000  cycles 
wide.  (Plug  in  unit) 

62..  Band  pass  filter  centered  at  1 kilocycle  100  cycles  wide  to  separate 
pilot  tone. 

63.  Amplitude  detector  to  provide  eain  control  signal  from  pilot  tone 
amplitude. 

6^.,  Variable  rain  amplifier  whose  *’ain  is  determined  as  an  inverse  function 
of  pilot  tone  ainplitude. 

65o  Differentiating  amplifier  in  sonar  audio  channel  only  to  indicate 

absence  of  pilot  tone  for  use  by  transfer  switch  to  separate  transmitted 
pulse  and  to  provide  keyin::  piilsco 

66.  Transfer  switch  for  output  of  v.iriable  sain  amplifier  from  playback 
circuit  to  oscilloscope  for  monitoring  transmitted  signal,  pulse, 
and  wave  fonne 

67.  Bond  pass  filter  to  eliminate  harmonic  distortion  products  from 
varicble  gain  amplifier  in  playback  circuit. 

6B.  Variable  attenuator  to  provide  proper  sigital  level  in  playback  circuit. 

69.  Tulse  phase  demodulator  to  restore  video  sweep  signal  and  commentary 
if  pulse  position  modulation  (Option  D)  was  used.. 

70.  Band  pass  filter  for  separation  of  frcoucncy  modulated  signal  to 
restore  video  sweep  sirnai. 

71.  Band  pass  filter  to  separate  commentarj'  which  was  recorded  clear  in 
mixer  (32),  and  fed  to  variable  attenuator  (81)  and  amplifier  (82)  for 
rcprotiuction. 
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72.  Freouency  dijscriminator  for  restoration  of  video  sweep  signal, 

737  3and  pass  filter  for  sejiaration  of  freouency  control  sirnal  from 
oscillator  (33)  in  the  case  of  freouency  controlled  frcri'ency 
modulation  for  video  sweep  recording,  (Option  C) 

74,  Freouency  divider  (Binary  scaler)  for  frequency  stabilisation  of 
video  sweep  signal  channel. 

75.  Band  pass  filter  to  restore  sine  wave  from  output  of  binary  scaler. 

76.  HeterodjTic  mixer  for  freouency  control  of  stabilized  playback  circuit, 

77,  Highly  stable  control  oscillator  for  stabilization. 

7S«  Band  pass  filter  to  eliminate  other  interraodulation  rrooucts  from 
heterodyne  mixer  (76), 

79,  Variable  attenuator  to  control  the  level  of  video  sweep  sirnal  supplied 
to  the  sweep  generator, 

90,  Sweep  generator  for  reproduction  of  three  phase  sweep  signal  from 
single  phase  sweep  as  recorded, 

81,  Variable  attenuator  for  control  of  level  feeding  commentai'y  playback. 

82,  Power  amplifier  for  playback  of  conmentary, 

83,  Loudspeaker  for  playback  of  commentary. 
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